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Release of antibiotics in the environment may induce bacterial 
resistance against them. Because many antibiotics are hardly 
biodegradable, physical-chemical removal technologies are 
indispensable for their removal. In this work, the ozonation and 
advanced oxidation by the peroxone process of the quinolone 
antibiotic ciprofloxacin, spiked in hospital WWTP effluent, was 
studied. The effect of pH and H2O2 was tested with respect to 
ciprofloxacin degradation rate and degradation product 
formation and main reactive sites were identified. 
Fastest ozonation was found at pH 10, explained by the direct 
ozonation at deprotonated amines of the piperazinyl 
substituent. At pH 7, ciprofloxacin degradation was slowest 
which may be affected by the higher degree of sorption on 
suspended solids compared to pH 3 and 10 and by the lower 
ozone stability, relative to pH 3. Addition of H2O2 at pH 7 
enhanced ozone decomposition and reduced degradation 
efficiency indicating that H2O2 competes for ozone as well as 
radical species. 
Identification of ciprofloxacin ozonation products revealed 
strongest degradation at the quinolone moiety, reported to be 
essential for antibacterial activity, at pH 7. By addition of the 
hydroxyl radical probe parachlorobenzoic acid to ciprofloxacin 
ozonation experiments, the highest hydroxyl radical 
concentration was found at neutral pH. By ab initio molecular 
orbital calculations, the most reactive centre for radical attack 
could be identified. 
 
 
